To study RNA-peptide interactions, we performed an in vitro selection of RNA on a 27 MHz quartz-crystal microbalance (QCM) on which a simple R5 helix peptide was immobilized as a model of N peptide from bacteriophade X. The consensus sequences including a GNRA tetraloop were obtained from a random RNA pool after the 7 th cycle selection.
INTRODUCTION
RNA-binding proteins play a key role in fundamental cellular processes such as translation mRNA processing and early development, and in viral processes on infection by RNA viruses. 1 Understanding RNA-protein interactions is important to study how RNA-binding proteins recognize specifically the target RNA and for drug design to inhibit infection of RNA viruses. RNA-binding domains of these proteins can be grouped into some families such as a ribonucleoprotein (RNP) motif, a double-strand RNA binding domain (dsRBD) 2 and an arginine-rich motif (ARM). 3 A simple a-helical N peptide (20 amino acids) as a part of arginine-rich N protein from bacteriophage X has been studied to bind to the target RNA without a large protein unit. 4 This indicates that the arginine-rich oc-Helix peptide can be expected to bind to the specific RNA sequence. In this study, we design a a-Helix R5 peptide as a simple model of N peptide, in which five arginie residues are remained and other amino acids are replaced by alanines. In vitro selection of RNA was studied by using a R5 peptide-immobilized QCM. QCMs are a highly sensitive mass measuring device and allow us to monitor a selection process from a random RNA pool as a mass change and to evaluate an association constant of a selected ligand quantitatively.
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RESULTS AND DISCUSSION
Schematic illustration of experimental setup is shown in Figure 1 . The R5-peptide was immobilized on Au electrode (area: 5 mm 2 ) of a 27 MHz QCM plate through Au-S interaction having a long polyethylenoxide spacer. The R5-peptide-immobilized QCM was soaked into the buffer solution and the frequency decrease (mass increase) responding to the addition of random ssRNA was monitored in the aqueous solution. After monitoring selection process as frequency decrease (mass increase), the QCM was washed and the selected RNA was recovered. The ssRNA was reversed transcribed to DNA and amplified with PCR reaction. Then, the dsDNA was transcribed and used as the ssRNA for next selection. Selection processes were repeated 1-7 cycles.
Selection processes were monitored as mass changes same as random ssRNA. After 5th cycle selection, the selected ssRNA was observed to bind fairly to the R5 peptide on the QCM. Since frequency change of 5th to 7th cycle of selections was constant, the selection was finished at 7th cycle.
The selected RNA was reversed transcribed to DNA and was PCR-amplified, cloned by T/A cloning method, and determined by a standard dideoxynucleotide method. The obtained sequences of the random region of 30 mer after the 7th cycle selection are summarized in Table 1 and their calculated secondary structure of Group I and II are also shown. Binding behavior of cloned RNA to the R5 peptide-immobilized QCM are shown in Figure 3 .
The obtained ssRNA was evaluated whether can bind to the R5b peptide or not by using the same QCM system. The evaluation results are summarized in Figure 3 . RNAs of Group I and II strongly bound to the R5-peptideimmobilized QCM and whose association constants could be estimated to be 10 8 M" 1 . RNAs of Group I and II have the common structural futures of a U-A stemmed GNRA tetraloop and a GNRA type pentaloop, respectively, which are similar to the nutRboxB RNA structure. 
